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Pressureul cers (PUs) are one of the most vexing issues for individuals with spinal cord injury (SCI), their caregivers, and rehabilitation providers. The onset of a PU is disruptive; it curtails activities essential to good health, limits social function, results in hospital readmissions, and remains costly to manage and ameliorate. The onset of an SCI, with its mobility and sensory losses, places an individual with SCI in a risk category of his/her own.
Major strides have been made in understanding the anatomic, physiologic, psychologic, and environmental risks associated with PUs, although knowledge remains very incomplete. 1 Rehabilitation providers and consumer groups alike have made earnest attempts to enhance PU risk awareness among both SCI consumers and their caregivers. 2Y4 The Consortium for Spinal Cord Medicine issued its clinical practice guideline, BPressure Ulcer Prevention and Treatment Following Spinal Cord Injury,[ more than a decade ago. 5, 6 Despite these advances, it is difficult to ascertain whether it has made a serious dent in the incidence of rehabilitation-acquired PUs (RAPUs), although it is known that PU rates in SCI rehabilitation remain stubbornly high. The National SCI Statistical Center reports that approximately one-third of new SCI rehabilitation patients acquired a PU in 2004Y2006 during their rehabilitation stay, but 45% of these were stage 1 PUs. 7, 8 Comparisons with earlier periods are difficult, in part, because of shortening lengths of stay in both the acute and rehabilitative phases among newly injured individuals with SCI. Shortening stays arguably can increase or decrease the risk for acquiring a PU. Shortening stays may increase risk because patients have less time to assimilate what they need to learn about preventing PU but have fewer rehabilitation days in which to acquire a PU.
Much of what healthcare providers believe is good PU prevention and management stems from knowledge of PU prevention and abatement in other populations such as those in intensive care unit or long-term care. Clinicians and researchers have developed prediction models and risk assessment scales such as the Braden 9Y11 and Norton 12 scales using diverse patient populations in acute hospital or longterm care settings and do not take into account the additional risks that stem from the SCI patient's loss of mobility and more generalized loss of sensation below the level of lesion. In a systematic review of 33 studies, Pancorbo-Hidalgo et al. 13 found no decrease in PU incidence that could be attributed to the use of an assessment scale and yet found the Braden and Norton scales to be Bmore accurate than nurse clinical judgment in predicting PU risk. [ Salzberg et al. 14 developed a 15-item PU risk assessment scale aimed at individuals with SCI based on a follow-up survey of veterans up to 51 yrs after injury, but its sensitivity to PU risk in the rehabilitation setting remains unknown. Recently, the United States Veterans Administration's SCI QUERI panel on PU research underscored the multidimensional nature of the challenge and the inconclusive state of the research that informs the current understanding of PU risk, prevention, and management. 1 The acquisition of a PU has, for many years, served as a quality indicator in long-term care and, more recently, in acute and rehabilitative care. 15 Since October 1, 2012, new and worsening PUs have become a reportable quality indicator for rehabilitative care in the Medicare program. Failure to report quality indicators such as PU rates will result in a 2% payment reduction starting in fiscal year 2014. In the future, such metrics may also be used in various pay-for-performance schemes that underlie attempts to create a more Bvalue-based healthcare system[ that rewards providers when meeting outcome targets such as lower complication rates. These shifts in payment policy add new urgency to identifying (1) patients at greatest risk and (2) interventions best able to prevent the onset of a PU while in rehabilitation.
This article reports findings from a multiyear observational cohort study on PU prevention at an SCI rehabilitation center in the United States. The study had three main objectives: (1) to assess the incidence of PU both upon admission to and during postacute rehabilitation care, (2) to identify variables associated with the onset of stage 2 or higher PU and develop a potential Brisk model[ for PU onset in rehabilitation, and (3) to consider the implications of the findings for SCI rehabilitative care and future research.
METHODS

Approach and Study Facility
The study used a prospective observational cohort design that consisted of patients admitted to a designated SCI rehabilitation unit located in an urban, nonprofit, teaching, 130-bed freestanding rehabilitation hospital closely linked to a major acute care hospital with a level 1 trauma center. The rehabilitation hospital also provides an array of specialized SCI-associated outpatient and day treatment rehabilitation services with a large emphasis on prevention of secondary conditions. The hospital's outpatient center includes an SCI clinic that provides follow-up rehabilitation care for those who do not obtain their follow-up care elsewhere. The hospital's SCI program was also a participant in the SCI model systems program, the auspices under which this study was conducted. This study's analyses were limited to the rehabilitation stay.
Study Group
To be included in the study, patients had to (1) be 16 yrs or older at the time of rehabilitation admission, (2) have a diagnosis of traumatic SCI, and (3) be admitted to the designated SCI unit for their inpatient rehabilitation.
Hence, the study group included both (1) patients with new spinal injuries (first rehabilitation admission for SCI), hereafter, Bnew-SCI,[ and (2) patients with earlier spinal injuries, that is, patients who were subsequently rehospitalized for a new condition or complication, hereafter, Bearlier-SCI. [ Likewise, the study group included patients who may or may not have had a PU or new myocutaneous flap upon admission to rehabilitation. Having a PU on admission (PUOA) did not disqualify the patient from participating in the study.
Study enrollment began upon institutional review board approval and lasted approximately 25 mos from January 2008 to January 2010.
Data Collection and Instruments
The study was both retrospective and prospective: acute care data were acquired retrospectively on the basis of what was brought forward into the rehabilitation chart; rehabilitation data were acquired prospectively.
Two main data sources were used. First, trained chart abstractors reviewed the patients' medical records to capture data on patient demographics (e.g., age, sex, education), health, severity of illness, and functional status including comorbidities, health plan participation, use of devices, mobility restrictions, skin management, repositioning and turning, incontinence, nutritional status, medication use, rehabilitation length of stay, PUs (location, stage, etc., if any), and discharge destination. The chart abstractors were tested for accuracy and interrater reliability at various intervals during the review process.
Second, occupational and physical therapists used handheld electronic devices to document real-time therapy data at each therapy session, including types of therapeutic activity performed, time spent on each activity, and level of participation. Electronic data collection menus were designed and piloted by end users, namely, experienced occupational and physical therapists, before full implementation. The point-ofcare data collection process also entailed extensive training and interrater reliability testing to ensure accuracy.
PU and Flap Data
The authors defined the presence or development of a PU, this study's principal outcome measure, to be a PU that was a stage 2 or higher ulcer. PU assessment data included (1) origin (i.e., present on rehabilitation admission [PUOA], PU acquired during rehabilitation stay [RAPU]), (2) stage of PU using the National Pressure Ulcer Advisory Panel guidelines, 16 (3) number of PUs, and (4) location of PU.
Injury Data
Given the relatively small sample size, only tetraplegia (cervical 1Y8) and paraplegia (thoracic level and below) were used to describe the neurologic level of injury.
Admission-Related Data
The authors considered admission source (i.e., where the study participants were before rehabilitation admission), Binjury days[ for individuals with a new SCI, and Binjury years[ for individuals who had an earlier/previous injury. BOnset days[ referred to the interval from admission to an initial care setting (e.g., acute care, skilled nursing) to rehabilitation admission. (For individuals with new injuries, onset days and injury days were nearly always the same.) If a patient was admitted to rehabilitation from home or long-term residential facility, onset days were considered as missing because there was no acute care and it was difficult to determine when the precipitating event for the episode of care may have commenced.
Functional Status
The Functional Independence Measure (FIM) instrument was used to measure a patient's motor and cognitive function at rehabilitation admission and discharge. The FIM instrument's motor subscale consists of 13 items measuring a patient's functional status in self-care, transfers, sphincter control, and locomotion domains. The FIM instrument's cognitive subscale consists of five items measuring a patient's cognitive function. Each item uses a 7-point scale, with higher numbers denoting more independence. 17 the severity of a patient's medical condition by taking into account any signs, symptoms, and physical findings a patient may present during his/her rehabilitation stay. The CSI has been used and validated among various patient groups and in various healthcare settings. 18Y27 The study obtained three CSI scores for each patient: at admission, at discharge, and the score based on the most abnormal values at any point during the rehabilitation process (referred to as the Bmaximum CSI[).
Other Health-Related Data
The study patients were grouped into the four commonly used body mass index categories based on height and weight data obtained from the patient's chart: underweight, normal weight, overweight, 28Y30 and obese (including morbidly obese). 31 The authors also took into account specific comorbidities often cited in the literature as potential risk factors of PUs such as peripheral vascular disease, diabetes, hypothyroidism,hyperlipidemia,cancer,anddepression. 32Y40 Nutritional status is often implicated in the onset of a PU. 5,29,39,41Y45 Accordingly, patient nutritional status was also taken into account as indicated by various laboratory values (e.g., albumin levels). The nutrition subscale in the Braden Scale was used as a proxy indicator of nutrition intake.
Health Plan Participation Data
Health plans were categorized into six major groups: (1) private, nonYhealth maintenance organization (non-HMO) insurance; (2) Medicare fee-forservice (non-HMO); (3) Medicaid (fee-for-service, preferred provider organization, non-HMO); (4) Medicaid HMO; (5) no-fault health plans (e.g., no-fault auto insurance and workers compensation); and (6) other.
Therapeutic Activities and Treatments Related to PU Prevention
Occupational and physical therapists collected therapy treatment data electronically via handheld devices at each therapy encounter. Occupational and physical therapy data included a rich array of therapy-related activities and interventions ranging from muscle strengthening activities and activities of daily living to mobility training and community integration. In this article, only therapy activities related to skin management (including positioning, pressure mapping, skin inspection, skin care and safety, and pressure relief) and PU prevention were considered. In the case of nursing care, skin management activities such as bed positioning, turning at night, and nurse educational activities related to skin management and prevention of skin breakdown (e.g., nutrition) were included.
Risk Assessment
The study used the Braden Scale to assess a patient's risk for developing a PU. 10 The Braden Scale consists of six domains, including sensory perception, moisture, activity, mobility, nutrition, and friction and shear. Nursing staff assessed and assigned a score using a 4-point scale (1Y4) to each domain, except for the friction and shear (3-point scale, 1Y3). A total Braden score ranges from 6 to 23, with lower numbers indicating greater risk for developing a PU. The study administered the Braden Scale at admission, weekly thereafter, and at discharge. A total score of 15Y18 indicates mild risk for developing a PU, a score of 13Y14 indicates moderate risk, a score of 10Y12 indicates high risk, and a total score of 9 or less indicates severe risk.
Comorbidities, Biomarkers, and Behaviors
The literature identified several comorbidities, biomarkers, and behaviors associated with PUs among individuals with SCI. The relative rates of PU acquisition were examined by whether the patients had diabetes; had depression; used tobacco; or had prealbumin levels of 18 or less, an indicator of protein deficiency in diet. Combinations of factors were also examined. Albumin levels were examined, although albumin levels are not as discriminating as prealbumin scores in evaluating protein deficiency and risk for PUs.
The authors used the Braden score to evaluate overall PU risk and also examined the Braden nutrition subscore to examine potential nutritional deficiencies.
Bladder and bowel incontinence are often associated with PU onset. 14, 46 The authors considered the ratio of days a patient was reported to be bladder or bowel incontinent to the patient's length of rehabilitation stay.
Rehabilitation Interventions and Precautions
Rehabilitation interventions and precautions are a two-edged sword. They can help prevent PUs but may also inadvertently create new risks for PU onset. The roles of weight-bearing restrictions, use of compression devices, and role of patient education were examined.
Data Analyses
The study group was initially divided into two subgroups, new-SCI and earlier-SCI. This distinction was made assuming that the two subgroups would have materially different health risk profiles in terms of age, anatomic and physiologic adjustment to SCI (e.g., metabolic changes, bone loss, muscle atrophy), previous complications, and different experiences and learning opportunities with respect to risks for complications such as PUs. The authors examined their relative rates of coming into rehabilitation with a PU and their relative rates of acquiring a PU while in rehabilitation.
Subsequently, for reasons explained in the BRESULTS[ section, the study group was instead divided into two different subgroups: (1) patients with a PU or flap on rehabilitation admission and (2) patients without PU or flap present on admission. Descriptive statistics (mean, standard deviation, and percentage) were used to characterize patients, their injuries, comorbidities, and treatments and to compare their respective rates of PU onset. The differences between groups were examined using W 2 tests for categorical variables and analysis of variance for continuous variables.
To help ascertain the potential role of comorbidities in PU onset, the authors focused on more prevalent conditions, namely, diabetes, depression, tobacco use, malnutrition (e.g., prealbumin values), and various combinations of these comorbidities.
Multivariate analyses were used to identify variables associated with the onset of stage 2 or higher PU that could then be used to develop a risk model for PU onset in rehabilitation. The goal of this study was to answer one simple question: What would a clinical team need or want to know, upon the patient's rehabilitation admission, about a patient's risk for acquiring a PU during rehabilitation and thus take extra measures to monitor the patient and help prevent a PU while in rehabilitation? The authors wanted to develop an algorithm that assigns various probabilities of PU onset and thus allows the rehabilitation team to take action commensurate with their risk tolerance for PU onset. The authors also wanted to determine how this PU-risk algorithm compared with a more conventional risk measure such as the Braden score.
To answer this question, two types of multivariate analyses were conducted. First, the authors used logistic regression analyses and considered all promising variables based on their review of the literature, clinical opinion, and descriptive analysis. Model discrimination was assessed by using the area under the receiver operator characteristic curve (c) to evaluate how well the model distinguished patients who did not acquire a PU during rehabilitation from patients who did. Values of c that are closer to 1 indicate better discrimination. The Hosmer-Lemeshow (HL) goodness-of-fit test was also performed, which assesses whether observed event rates match expected event rates in subgroups of patients. When the rates are similar, the model is considered well calibrated.
Second, recursive partitioning (RPART) analyses 47, 48 were used to help identify relationships within subgroups that might not be transparent when looking at the entire study sample. RPART builds classification trees or regression models by identifying the single variable that best splits the data into two groups, that is, in this instance, those who did and did not acquire a PU while in rehabilitation. It repeats the process using resulting subgroups until either subgroups reach a minimum size (depending on the size of the data) or no improvement can be made. The routine uses the Gini index for splitting subgroups or nodes, that is, f, the impurity function (a measure of impurity at each node), which is defined by f(p) = p(1 j p). Using this criterion, the Bbest[ split is that which maximizes the impurity reduction. The results of the RPART analyses can then be used to develop new logistic regression models in which the regression coefficients are estimated using maximum likelihood estimation. Because of the study group's limited size, the authors did not attempt to cross-validate their findings by creating a separate validation sample but could only observe the potential consistency across select subgroups.
RESULTS
Patient Characteristics
The study group consisted of 159 SCI patients who met the study's eligibility criteria and had consented to participate in the study. Despite rigorous recruitment efforts, 17.2% of eligible patients did not consent to participate in the study. The consenting and nonconsenting patients were similar in age (46.9 vs. 45.9 yrs; SD, 20.8 yrs), but the consenting patients were more likely to be males (78.0% vs. 69.7%) and more likely to have paraplegia (46.7% vs. 39.4%) than those who did not consent. The racial distributions of the consenting and nonconsenting patients were more difficult to evaluate because 18.2% of the nonconsenting patients lacked adequate racial data.
Of the study's 159 participants, 99 were individuals with new spinal injuries and 60 were individuals with earlier injuries who had been readmitted to rehabilitation subsequent to a new health condition or complication. As expected, those with earlier injuries were older (50.9 vs. 44.4 yrs), were more likely to participate in Medicare (38.3% vs. 15.2%), had fewer onset days for the current episode of care (10.2 vs. 28.1 days), and were more likely to have diabetes (20.1% vs. 13.1%).
Apart from these differences, the new-and earlier-SCI subgroups had remarkably similar demographic, health, and functional profiles, with only a few exceptions. They also had remarkably similar rates at which they acquired a PU (stage Q2) in reha-bilitationV13.1% (13/ 99) of the patients with new SCI and 13.2% (8/60) of the patients with earlier SCI.
The study did, however, find more significant differences between (1) the patients who came and (2) the patients who did not come to rehabilitation with an existing PU or flap. More than a quarter of the SCI patients (43/159) came to rehabilitation with an existing PU, a recent flap, or both (Fig. 1) . The patients who came to rehabilitation with a PU or flap exhibited a higher rate of developing yet another PU while in rehabilitation (13/43; 30.2%) than those who came to rehabilitation without an existing PU or flap (8/116; 6.9%). Hence, dividing the study group into two subgroups based on whether a patient was admitted to rehabilitation with or without a PU (stage Q2) or flap offered greater contrast and more insight into the relative risk for developing a PU while in rehabilitation.
Approximately half of the study group was African American, reflecting the rehabilitation center's surrounding community ( Table 1) . Eleven of the 13 individuals who came into rehabilitation with a PU or flap and developed yet another PU lived by themselves; only two lived with another person.
Approximately half of the 43 individuals who came into rehabilitation with a PU or flap or acquired a PU in rehabilitation exhibited symptoms of depression compared with the 108 who had no PU or flap, among whom 30.6% exhibited symptoms ( Table 2 ). The causal relationship between depression and PU onset is difficult to ascertainVwas depression a risk factor of a PU or was a PU a risk factor for depression? Data limitations did not allow the authors to disentangle this relationship.
PU Development and Location
Altogether, 32.1% (51/159) of the patients developed one or more PUs before or during rehabilitation; 13 of these patients developed a PU both before and during rehabilitation.
As expected, PUs developed most frequently on the sacrum or buttocks ( Table 3 ). If the patient also developed a PU while in rehabilitation (n = 13), the location of the rehabilitation-acquired PU shifted to a new location especially on the lower extremitiesVleg, heel, or foot. In short, as one attempts to reduce pressure in one location to allow wound healing, one increases the risk for developing a PU in another location (Fig. 2) . Some 27 patients came into rehabilitation with a stage 3 or 4 PU. Among the 13 patients who developed a PU both before and during rehabilitation, all PUs this group acquired while in rehabilitation were arrested at stage 2, except in one extraordinary case of a patient who came into rehabilitation with four stage 4 PUs. 
PU Onset, Functional Gain, and Discharge Location
Overall FIM change from rehabilitation admission to discharge and length of stay varied with the patient's PU experience ( Table 2 ). The small group of 13 patients who came into rehabilitation with a PU and acquired another PU while in rehabilitation had noticeably lower FIM gains (18.8; SD, 10.3) and noticeably longer lengths of stay (65 days; SD, 40.2 days; Table 4 ) than others and were more likely to be discharged to another postacute setting (e.g., skilled nursing) or long-term care.
Comorbidities, Biomarkers, and Behaviors Associated with PUs
The authors examined whether the patients with select comorbidities, biomarkers, and behaviors had higher-than-expected rates of PU onset. As reported in Table 5 , except for diabetes, the authors found that each of these was associated with higher rates of PU onset. The 17 patients who used tobacco and had prealbumin values of 18 or less were especially prone to acquire a PU (52.9%) either before or during rehabilitation.
Other Indicators and Interventions Associated with New PUs During Rehabilitation
Those with one or more PUs had modestly lower Braden scores, one of the most common measures of PU risk in health care (Table 4 ). Braden score standard deviations were small, such that even small differences were statistically significant and scores were in the expected range. However, the nutrition score as extracted from the Braden scale showed no significant difference across the groups.
The study did not find bladder or bowel incontinence to be associated with PU onset, nor did the study find rehabilitation interventions such as patient education, patient turning, and weight-bearing restrictions to be associated with PU onset or prevention.
In the initial set of logistic regression analyses, the authors sought to determine the patient char-acteristics and interventions most strongly associated with the onset (risk) or prevention of a PU while in rehabilitation. The most strongly associated with risk for a PU rehabilitation was whether a patient was admitted with a PU, a finding that was already evident in the Figure 1 flow diagram. Little else provided any insight.
The authors then turned to RPART to identify the subgroups to help isolate patients at greatest risk for acquiring a PU during rehabilitation based on what the authors already knew about the patient upon admission. The authors allowed 16 variables known at admission (e.g., age, race, sex, measures of patient severity and functional status, education, albumin and prealbumin levels, body mass index category, and level of injury [tetraplegia vs. paraplegia]). This part of analysis found that only three variables were needed to identify patients deemed to be at greatest risk: PUOA, albumin on admission of 3 g/dl or less, and age at admission of younger than 53.58 yrs (Fig. 3) .
The authors then used logistic regression analysis drawing on the same 16 variables used in the RPART analyses and forced variables resulting from RPART analyses into the regression model. The model was limited to only two variables at a time so as not to overspecify the model given that there were only 21 patients who had acquired PUs during rehabilitation. All numbers in each cell represent the percentage of patients among each subgroup (e.g., had PUOA, had PUOA only) who had any PUs in a specific location. For example, 76.7 % of those who had any PUs on admission (n = 30 patients) had sacrum/buttock PUs.
a Six of the 13 patients who had a PU on admission and during rehabilitation had two or more PUs: 2 patients had two PUs, 1 patient had two flaps and a PU, and 2 patients had two PUs or flaps. Of the 13 patients, only 1 patient developed a PU higher than grade 2 in rehabilitation.
b All patients who acquired PU only during rehabilitation had only stage 2 PUs; none had a stage 3 or 4 PU. Only one patient had two PUs, both in the scapula/shoulder area. c Nine of the 30 patients who had a PU on admission only had multiple PUs, and those with multiple PUs were more likely to have stage 3 and 4 PUs. Five patients had two PUs, three patients had three PUs, and one patient had four PUs.
The two-variable model that best predicted rehabilitation PU risk was PUOA to rehabilitation and FIM transfer score of less than 3.5 (see model 1 in Table 6 ). The resulting model's C statistic of 0.772 indicates that the model correctly distinguishes most patients who acquired a PU during rehabilitation. The HL P value of 0.92 indicates no lack of fit. Using this model, a patient's probable risk for acquiring a PU during rehabilitation can be computed.
Because the Braden Scale is the most commonly used measure of PU risk in health care, the authors wanted to determine how robust a predictor of rehabilitation PU risk the Braden score was relative to their two-variable model. The Braden score, however, is not a continuous variable, and because of its frequency distribution, the authors made the Braden score a dichotomous variable, high risk (e12) and low risk (912). They found that the admission Braden score category, as a stand-alone measure, was not as strong a predictor of acquiring a PU during rehabilitation in the study group. When the Braden dichotomous variable was incorporated into the logistic regression model, the study found that it did have predictive value second to PUOA. The resulting model had a C statistic of 0.758 and HL P = 0.77 (see model 2 in Table 6 ). In short, an FIM transfer score of less than 3.5 was a modestly better predictor of rehabilitation PU risk than admission Braden high risk (e12) in a two-variable model.
Lastly, a three-variable model was conducted to compare its predictive power to the two 2-variable models, including presence of PUOA, admission transfers FIM score of less than 3.5, and admission Braden high risk (e12). The authors found that presence of PUOA remains the most predictive of any RAPU. Both admission transfers FIM of less than 3.5 and admission Braden high risk also have significant predictive value of RAPU. This threevariable model yielded a C statistic of 0.799 and HL P = 0.77 (see model 3 in Table 6 ).
Because PUs are so disruptive and costly to patients, families, providers, and society, one can test the model relative to one's desire to minimize falsenegatives, that is, minimize the number of patients who acquire a PU during rehabilitation but were predicted not to acquire one. By the same token, heightened clinical vigilance and constant monitoring are also costly, and hence, one will not want to waste limited clinical resources on false-positives, that is, patients who were predicted to acquire a PU during rehabilitation but did not. Figure 4 shows the relative trade-off between false-negatives and false-positives for each of the three models mentioned above.
DISCUSSION
Coming into rehabilitation with a preexisting PU or flap was the single greatest risk for acquiring a PU during rehabilitation. Those who came to rehabilitation with a PU were much more likely to acquire a stage 2 or higher PU during rehabilitation. Only two variables at admissionVhaving a PUOA and FIM transfer scoreVwere needed to discriminate fairly well whether a patient would develop a PU during rehabilitation. The buttock or sacrum was the most common site for the development of a PU. The patients who developed another PU during rehabilitation were more likely to develop a second PU on a lower extremityVleg, heel, or foot.
Clinical Implications
Study data allowed the authors to develop a simple risk model that can identify each patient's probable risk, at admission, for developing a PU during the course of his/her rehabilitation stay. Using only a few variablesVPUOA and FIM transfer score or PUOA and admission Braden score, a risk score can be assigned to each patient upon admission to rehabilitation. These risk scores can be used to assign BPU risk levels,[ for example, high, medium, and low, to trigger varying degrees of additional vigilance and skin monitoring commensurate with risk. Moreover, the model enables clinicians to make informed trade-offs with respect to potential false-negatives and false-positives so that limited clinical resources can be focused on patients with the greatest risk. Clearly, patients who come to rehabilitation with an existing PU should be assigned the highest risk level and assigned the highest level of vigilance especially in secondary locations made vulnerable by the presence of the primary PU, which is usually on the buttocks or sacrum.
One main advantage of the PU risk models developed here is their parsimony. Over time and with more data, additional variables can be added Ulcer Risk in SCI Rehabilitation to increase their predictive accuracy and reduce the proportions of false-negatives and false-positives. The authors recommend that, once a patient's PU status on admission and FIM transfer score are known, the rehabilitation center's electronic medical records automatically compute and report a risk score much like any other biomarker in the patient chart. PU risk model 1 in Table 6 compares favorably with the Braden scale, which addresses six domains, uses a 4-point scale for each domain, and requires significant input from clinicians. The Braden scale is a more demanding PU risk assessment tool. The authors do not recommend abandoning the Braden score yet. If the Braden score is computed within 24 hrs of rehabilitation admission, it should be retained because model 3 ( Table 6 ) was the study's strongest PU risk model. However, if the Braden score cannot be computed quickly and a risk score is needed quickly upon admission, PU risk model 1 may be a quicker way to proceed until more adequate Braden data on all six domains are acquired during the course of the SCI patient's first few days in a rehabilitation center. With more data and experience, one can ascertain whether the simpler and less data-intensive model 1 is sufficient.
Model 1 is predicated on using the admission FIM transfer score. For facilities, such as skilled nursing facilities that do not use the FIM instrument and may not have an equivalent to the FIM transfer score, model 2 may suffice but still needs to be tested to determine whether a risk model developed in an inpatient rehabilitation setting generalizes to other types of postacute settings.
This study found that the larger PU challenge originates before rehabilitation admissionVeither in acute care for newly injured patients or in the community for patients with earlier spinal injuries. The burden of PU management is not for lack of good rehabilitation care but failures elsewhere that end up at the door of the rehabilitation center.
The Role of Rehabilitation Interventions
The authors were unable to uncover any specific rehabilitation activity or intervention directly associated with the prevention of an RAPU. This may be attributed to two factors. First is the smallnumbers problem: the study uncovered relatively few patients with RAPUs (n = 21), and most of them (n = 13) came into rehabilitation with a preexisting PU or flap.
Second, rehabilitation interventions have an ambiguous role, as illustrated in the following two examples. First, a weight-bearing restriction may be needed to prevent the onset of a PU in a particular location, but the very act of restricting weight bearing at one location may increase risk for developing a PU at another locationVnot to mention how it may also slow other elements of the rehabilitation process. Second, for example, patient skin care education is widely considered important in preventing the onset of a PU, but the onset of a PU may also induce an episode of intensive patient skin care education and thus obscure the relationship between amounts of patient education received with PU prevention. In short, the two-sided roles that rehabilitation interventions play in the prevention and management of PUs make it difficult to trace linear relationships from rehabilitation intervention to prevention. However, most statistical models presume some degree of linearity between independent and outcome variables of interest, for example, PU onset. This study's inability to uncover any specific rehabilitation activity or intervention directly associated with the prevention of an RAPU mirrors the results of other studies. For example, Krause and Broderick 49 (2004) , in their follow-up study of 826 individuals with SCI, were similarly unable to demonstrate the efficacy of specific prevention behaviors and found that a previous PU was the best predictor of a subsequent PU in much the same way that the authors found PUOA to be the best predictor of an RAPU. This study originally aspired to uncover associations between rehabilitation practice and PU onset in rehabilitation that may have been overlooked in previous studies. It casts a wide net examining a large variety of variables and combinations of variables and practices that had a plausible association with the onset of a PU. The authors were also very open to counterintuitive findings. However, the authors remain struck by the absence of more definitive connections between rehabilitation practice and PU onset.
Other Research Limitations
Another challenge is that PUs are multidimensional in terms of their etiology, location, number, Ulcer Risk in SCI Rehabilitation and severity (as measured by PU stage). Multiple highstage PUs present a very different clinical challenge than a single stage 2 PU, which may simply require an extra dose of vigilance and some temporary activity limitation. However, this study's analytic models assume that PUs are binaryVthese did or did not occur. At one level, this is entirely appropriate, if one is focused on prevention of a single PU, but it also obscures the complexity of the challenge that PUs present to rehabilitation providers, not to mention the challenges they present for the patient who is struggling to get his/her postinjury life in order.
Other Study Limitations
Three additional study limitations should be noted. First is the sample size. The study sample of 159 patients limited this study's analysis at the subgroup level. Subsamples were, in some instances, too small to drill down further. Second, the study was conducted at a single SCI rehabilitation center and may not generalize to all rehabilitation centersVthe problem of external validity. The authors recommend that the predictive validity of the risk model be tested with future data at both the study center and other centers and that the model be refined to increase accuracy. Third, the study center initiated, during the course of the study, several changes that may have affected PU vigilance and PU onset. Increased PU reporting and senior manager attention to the challenge of SCI-related PUs may well have attenuated the onset of new PUs during the course of the study, although month-to-month analysis of data uncovered no clear-cut trends. In addition, during the study period, the hospital migrated from a paperbased to an electronic medical record, which altered the time points at which various kinds of skin-related data were collected and documented. In some in-stances, the study data lost granularity when data had to be combined or collapsed.
Policy Implications
Adverse events, such as PUs, have become quality-of-care indicators linked to payment. In doing so, however, one should be cautious about treating PUs as unidimensional events when their etiology and character are so complex. Not all PUs are created equal. By the same token, increased clinical vigilance and policy oversight require new tools by which one can better manage PU risk through the use of risk models and other tools. Although not necessarily representative of SCI rehabilitation centers nationwide, the authors believe that findings from this single-site study can help inform future clinical management and health policy with respect to hospital-acquired PU prevention, measurement, management, and payment.
CONCLUSIONS
PU risk in SCI rehabilitation is greatest for patients who come into rehabilitation with an existing PU that may have been acquired in acute care, at another postacute facility, or while living in the community with an SCI acquired earlier. Only a few variables at rehabilitation admission were needed to determine a patient's likelihood of acquiring a PU during his/her rehabilitation stayVarriving with a preexisting PU and FIM transfer score. Using this information, rehabilitation centers can develop individualized patient PU risk assessments and deploy prevention resources accordingly.
